
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



Q Publication number: 


0 469 741 A1 


EUROPEAN PATENT APPLICATION 


© Application number: 91306417.6 
@ Date of filing: 16.07.91 

® Priority: 02.08.90 GB 9016929 
29.04.91 GB 9109190 

® Date of publication of application: 
05.02.92 Bulletin 92/06 

® Designated Contracting States: 
DE DK ES FR IT NL 


© int.CiAH01Q 11/08, H01Q 1/36 


© Applicant: NAVSTAR UMITED 
207 Radley Road 

Abingdon, Oxfordshire 0X14 3XA(GB) 

© Inventor: Branson, Sidney John 
111 Park Road 

Peterborough, Huntlngdonsire(GB) 

0 Representative: Blatchford, William Michael et 
al 

Withers & Rogers 4 Dyer's Buildings Holborn 
London EC1N 2JT(GB) 


® Radio frequency apparatus. 

® A quadrifiiar radio frequency antenna intended 
primarily for receiving signals from an earth orbiting 
satellite for navigation has four helical wire elements 
(lOA-lOD) shaped and arranged so as to define a 
cylindrical envelope (12). The elements (lOA-lOD) 
are co-extensive in the axial direction of the en- 
velope and are mounted at their opposite ends in 
two printed circuit boards (16, 17) lying in spaced 
apart planes perpendicular to the axis (14) with the 
end parts of the elements being soldered to conduc- 
tor tracks on the boards (16, 17), the tracks constitut- 
ing impedance elements between the helical ele- 
ments (10A-10D) and between the helical elements 
and (10A-10D) and an axially located coaxial feeder 
(18). The conductor tracks are such that the effective 
^ length of one pair (10A, 10B) of helical elements and 
^ associated impedance elements is greater than that 
^ of the other pair (IOC, 100) and associated imped- 
^ ance elements. In this way, phase quadrature be- 
tween the two pairs is obtained at the operating 
O frequency without using differently shaped helical 
CO elements^ and with little , or no adjustment of the 
^ elements in the manufacturing process. 
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This invention relates to a radio frequency an- 
tenna having a plurality of substantially helical ele- 
ments, and to a method of manufacturing such an 
antenna. 

It is known that an antenna with a plurality of 
resonant helical elements arranged around a com- 
mon axis can be made to exhibit a dome-shaped 
spatial response pattern which is particularly useful 
tor receiving signals froin satellites. Such an an- 
tenna is disclosed in "Multielement. Fractional Turn 
Helices" by C. C. Kilgus in IEEE Transactions on 
Antennas and Propagation. July 1968, pages 499 
and 500. This paper teaches, in particular, that a 
quadrifilar helix antenna can exhibit a cardioid char- 
acteristic in an axial plane and be sensitive to 
circularly polarised emissions. The antenna com- 
prises two bifilar helices arranged in phase quadra- 
ture and coupled to an axially located coaxial feed- 
er via a. split tube balun for impedance matching. 
While antennas based on this prior design are 
widely used because of the particular response 
pattern, they have the disadvantages that they are 
extremely difficult to adjust in order to achieve 
phase quadrature and impedance matching, due to 
their sensitivity to small variations in element length 
and other variables, and that the split tube balun is 
difficult to construct As a result, their manufacture 
is a very skilled and expensive process. 

It is an object of this invention to provide an 
antenna which achieves similar performance to 
those of the prior art at lower cost. 

According to a first aspect of this invention, a 
radio frequency antenna comprises a plurality of 
helical elements arranged around a common axis, 
a substantially axially located feeder structure, and 
a plurality of separately formed coupling elements 
forming conductive paths between the helical ele- 
ments and the axis. The coupling elements are 
preferably located at the ends of the helical ele- 
ments in the form of. for instance, radially extend- 
ing conductors connecting those ends to the feeder 
structure. Such coupling elements may be located 
at one or both ends of each helical element, and 
may be radially directed or may follow a longer 
path between the respective elements and the axis. 
Arranging for the coupling elements to have dif- 
ferent electrical lengths is one way of providing 
different coupling impedances for respective helical 
elements so that for example, an antenna can have 
differently phased pairs of helical elements. In par- 
ticular, the helical elements may be supported by 
two spaced apart insulative and preferably planar 
mounting members such as printed circuit boards 
extending perpendicularly to the common axis, the 
coupling elements being conductive tracks fomied 
on one or both boards. Alternatively wire loops may 
be used for the coupling elements. By forming the 
coupling elements and the mounting memt)ers sep- 


arately from the helical elements, both can De 
relatively accurately formed with preaetermmeo 
shapes and dimensions so that, when assembled 
together, relatively little, if any. adjustment is re- 
5 quired to obtain an antenna having the required 
characteristics. In this way. much of the need for 
skill and time in manufacturing and adjusting the 
prior art antennas is avoided. In the preferred em- 
bodiment of the invention, the helical elements are 
10 simple helical lengths of copper wire all of the 
same dimensions and each with no more than very 
small end portions which depart from the helical 
path, while the impedance elements are printed 
circuit tracks of fixed shapes and dimensions. Both 
;5 types of elements can. as a result, be mass-pro- 
duced to precise dimensions. 

In one preferred embodiment of the invention 
each helical element executes a half turn around a 
cylindrical envelope, but other fractional turn ele- 
20 ments may be used in other embodiments, and 
indeed it is possible to use elements having more 
than one turn. 

The preferred embodiment of the invention is a 
quadrifilar antenna in that it has four helical ele- 
25 ments arranged so as to define a cylindrical en- 
velope centred on the common axis, the elements 
all having the same diameter and being co-exten- 
sive in the axial direction. They are mounted at 
opposite ends in two printed circuit boards lying in 
30 spaced apart planes perpendicular to the axis, the 
end parts of the elements being located in holes in 
the boards where they are soldered to printed 
conductors running between the holes and the axis. 
On one board the conductors are connected to the 
35 end of a feeder, two of the elements being thereby 
connected to one conductor of the feeder, and the 
other two being connected to the other feeder 
conductor, the feeder preferably being of coaxial 
type. On the other board the elements are linked to 
40 a common connection on the axis, but here the 
conductors from two of the elements are longer 
than the conductors from the other two elements 
the length difference being such that at the operat- 
ing frequency, one pair of helical elements op- 
45 erates 90* out of phase with respect to the other 
pair. 

The axial length of the helical elements (which 
is the distance between the outer surfaces of the 
printed circuit boards in the preferred embodiment) 

50 is preferably in the range 0.25X to 0.40X where X is 
the operating wavelength, while the diameter Is 
typically between 0.08X and 0.1 8X. From a ratio 
aspect, the ratio of the element length to element 
diameter may typically be in the range of 1^5 to 

55 3.5. with the range of 2.0 to 3.0 being preferred. 
The thickness of the helical elements affects the 
bandwidth of the antenna. In the preferred embodi- 
ment the elements are about 0.01 X In thickness. 
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The difference in length between the conduc- 
tors on the said other printed circuit board may be 
achieved by forming the conductors for one pair of 
helical element as straight radial tracks, but the 
conductors for the other pair as longer tracks be- 
tween the axis and the ends of the respective 
helical elements. These longer tracks may take the 
form of loops or be meandered, for example. Thus, 
the longer tracks may comprise two semi-circular 
loops each having an inner radius of 0.020X to 
0.025X and width of 0.005X to 0.01 OX. 

For mechanical strength, it is advantageous to 
mount both printed circuit boards on the feeder, 
with the feeder running from its connections on the 
one board axially through the antenna and through 
the other board to a termination spaced some 
distance along the axis from the helical elements. It 
is then possible to form the common connection of 
the conductors on the board opposite the feed end 
as a printed ring around the feeder which may 
soldered to the feeder screen conductor. In this 
case the antenna thus consists of no more than the 
helical wire elements, two printed circuit boards, 
and a semi-rigid or rigid coaxial feeder. If protec- 
tion from the weather is required, the antenna may 
additionally include a radome. In the preferred em- 
bodiment this is a plastics tube with an end cap. 

Alternative embodiments within the scope of 
the invention include an antenna having radiating 
elements which are helical in the sense that they 
each form a coil or part coil around an axis but also 
change in diameter from one end to the other. For 
example, while the preferred embodiment has hel- 
ical elements defining a cylindrical envelope, it Is 
possible to have elements defining instead a coni- 
cal envelope or another surface of revolution. The 
invention also includes an antenna in which the 
helical elements are supported by alternative sepa- 
rately formed elements connected to the feeder 
structure. For instance, one of the supporting ele- 
ments may be insulative. while another may be 
wholly conductive. Thus, the helical elements may 
each have one end mounted in an insulative print- 
ed circuit board having conductive tracks connect- 
ing the elements to the feeder structure, while their 
other ends may be mounted in a metallic plate or a 
board having a continuous plated layer. Alternative- 
ly, the helical elements may be so mounted that 
. each has one of its ends insulated from ttie feeder 
structure. 

According to a second aspect of the invention, 
there is provided a metiiod of making a radio 
frequency antenna which has a plurality of helical 
elements arranged around a common axis, a sub- 
stantially axially located feeder structure, and at 
least two mounting members at least one of which 
is insulative and bears coupling elements forming 
radio frequency conductive paths t>etween the hel- 


ical elements and the axis, wherein the metncc 
comprises: locating the helical elements with their 
axes coincident and with their respective ends ly- 
ing in two spaced apart planes perpendicular to the 
5 common axis: securing a first of the mounting 
members to the helical element ends in one of the 
planes; bringing together the second of the mount- 
ing members and the assembly of the first mount- 
ing member and the helical elements so that the 
10 second mounting member is in a predetermined 
position parallel to and axially spaced from the first 
mounting member in which it is located on the 
other ends of the helical elements; securing the 
said other mounting member to the said other 
rs ends; and attaching the feeder structure to one or 
both mounting members. The feeder structure may 
be attached to one or both mounting members 
before or after bringing the said other mounting 
member into position on the helical elements. 
20 In the preferred method, ttie helical elements 

are located around a cylindrical mandrel with one 
end of each element projecting beyond the end of 
the mandrel, and they are held against the mandrel 
by an outer tube. The first mounting member is 
25 then placed on the projecting ends and the con- 
ductors on the member are soldered to the ends. 
The assembly is removed from the mandrel and 
placed in a jig which has two parts slidable relative 
to each other. The first mounting member is fitted 
00 into one part of the jig and the second mounting 
member into the other. The jig is arranged such 
the mounting memljers can be moved towards 
each other in an axial direction by sliding the jig 
parts, but in the required relative positions at least. 
35 they are held perpendicular to the common axis 
and at fixed rotational positions witii respect to 
each other. This means ttiat when the second 
mounting member is brought onto the unattached 
ends of the helical elements, it is in ttie precise 
40 required relationship with the first mounting mem- 
ber before it is secured. The conductors on the 
second mounting member are then soldered to tine 
helical element ends, and the feeder structure is 
also soldered to the members. The resulting an- 
45 tenna is then removed from the jig. 

The invention will now be described by way of 
example with reference to the drawings in which:- 
Rgure 1 is a side elevation of a quadrifilar 
helical antenna in accordance with the invention; 
50 Rgure 2 is a top plan view of the antenna of 
Rgure 1; 

Rgure 3 is a t>ottom plan view of the antenna of 
Rgure 1; 

Rgure 4 is a sectional side elevation of a first jig 
55 for manufacturing the antenna; 

Rgure 5 is a plan view of collar elernent of the 
jig of Rgure 4; 

Rgure 6 is a sectioned side elevation of a 
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second iig for manufacturing the antenna viewed 
on the line A-A in Figure 7: 
Rgure 7 is an end elevation of part of the 

"guTe'fis an end elevation of another part of 

rgrnTf^Tgrnentary side e.eva.on of the 
combination of the antenna of Figure 1 mounted 
in a rsdome. 
Referring to Rgure l of the d"w.ngs a 
puadrifilar antenna has four helical eiemems 10A 
?0B. IOC. and 100 of equal length and each berrt 
0 form a half turn around a cylindrical envelope 
(Shown by the chain lines 12). The e'e"V«"«;0^»°^ 
OD are thus spaced at a constant rad.us from a 
common central axis U. and they are a^^ged so 
as to be coextensive in an ax.al direction. Two 
mounting members in the form of a pa.r of prmted 
Circuit boards 16. 17 spaced apart and ly-ng per- 
pendicular to the axis 14 serve to support me 
respective ends of the helical elements 
and a rigid coaxial feeder 18 is secured at me 
centre ofU boards, and runs axially between the 
boards and below the second ''O^' ^1 me lel- 
mination (not shown) some distance from the hel 

ical elements. ^ -i tho 

AS will be seen from Figures 2 and 3. the 
printed circuit boards 16. 17 bear "uP'-ng e^^ 
ments in the form of plated conductors 20. ^. 2^ 
26 which connect the ends of the ►'el-cal elemerrts 
lOA to 100 to the feeder 18 on the board 16. and 
with each other on the board 17. In P'3Ct.ce^»^e 
boards 16. 17 have holes drilled through them to 
receive the ends of the helical elements 10A to 
100 and the feeder 18. and the connections are 
made by soldering on those faces of the boards 
16 17 which face away from each other. Refemng 
toVigure 2. the inner conductor of the coaxial 
feeder 18 is connected to a V-shaped P'^ted con- 
ductor 20 on the board 16 and me ends of the 
arms of me V are connected to me upper ends of 
the helical elements lOB and 100. mese ends 
being spaced apart around me circumference of 
the cylinder 12 by 90*. The screen of the feeder 
18 is connected to a similar V-shaped conductor 22 
which is formed as a virtual mirror image of the 
conductor 20 and is connected to me upper ends 
of the helical elements lOA and lOC. By following 
the pam of me element 10A in Figure 1 and men 
referring to Figure 3 it will be seen mat the lower 
end of element lOA penetrates me lower pnnted 
. circuit board 17 at a position diametrically opposite 
the position of its upper end and at me end of one 
of a pair of oppositely located radial conductors 24 
plated on the lower board 17. The omer radial 
conductor 24 is connected to me lower end of 
element lOB whose upper end is connected to me 
inner conductor of me feeder via conductor 20 on 


the upper board 16. As a result, the hel.cal ele- 
ments 1 0A and 10B. portions of the conouctors 20 
Td 22 and me conductors 24 togemer form a 

helical loop having one -'^^--f '"j;;/;;^; 
s conductor of me feeder 18 and me other side 
connected to me feeder outer screen. By compar- 
ng Rgures L 2. and 3. a similar helical loop can 
be identified comprising helical elements lOC. lOD. 
the other parts of conductors 20 and ^nd .o°P- 
,0 ed conductors 26 on me lower board 17. Agam^ 
this second helical loop has one side connected to 
me inner conductor of me feeder 18 and the omer 
side connected to me feeder outer screen. 

I, is important to note, mat while me dimen- 
,5 sions of the helical elements IOC and lOO are the 
s^e as the elements 10A and lOB. me presence 
looped or curved conductors 26 on the lower 
board 17 gives me second loop greater lengm man 
the first. It follows mat me resonant frequency of 
20 me second loop is below mat of me first^ Con- 
sequently. at me end of the feeder 18 where .t 
meets the board 16. signals in me first loop at a 
frequency midway between me two resonant fre- 
quencies win appear at me end of me feeder, out 
,c of phase with signals at me same frequency m the 
second loop. The dimensions of , me looped con- 
ductors 26 in relation to me dimensions of the 
omer elements of me helical loops are such that 
the phase difference is substantially 90 . It is mis 
30 property of a phase shift between me pai.^ of 
helical elements that gives me antenna a card.oid 
response in space at me centre frequency, the 
peak of me response occurring at me zemm. i.e. on 
the axis 14 in a direction opposite to mat of me 
35 feeder 18. As shown, me antenna is sensitive to 
rioht hand circularly polarised signals and tends to 
reject left hand polarised signals. By rotating either 
of me printed circuit boards 16. 17 mrough 90 
about me axis so that me arrangement of me 
40 connections of me elements 10A to 100 is altered 
and altoring me direction of rotation of mese ele- 
ments, me antenna can be made to be sensitive to 
left hand circularly polarised signals. 

The feeder 18 is preferably made from so- 
45 called semi-rigid coaxial cable so mat me antenna 
can to a degree, be made self-supporting. In me 
preferred embodiment me feeder cable has a 
Characteristic impedance of SO ohms, and me di- 
mensions of me helical elements, particularty their 
so lengm and mickness. and me lengms and micknes- 
ses of the conductors on me printed circuit boards 
16 17 are chosen to produce a matthing 50 ohms 
antenna impedance at me centre frequency. 

Taking as an example an antenna for L-band 
55 GPS reception at 1575 MHz, me axial lengm and 
thickness of me helical elements IDA to lOD are 
approximately 60mm and 2.0mm respectively. The 
diameter of the cylindrical envelope 12 is approxi- 
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mately 23mm. and the lengths of the conductors 
on the printed circuit boards 1 6. 17 are such that 
the effective electrical length of each loop is ap- 
proximately half of the wave-length at the respec- 
tive resonant frequency. 

tn this example, it has been found that the 
required 90* phase difference can be obtained if 
the loops of the conductors 26 have an inside 
radius of about 4.19mm and a width of about 
1.52mm. The other printed conductors are 3.05mm 
wide. 

Characteristic impedances other than 50 ohms 
may be obtained at the end of the feeder 18 by 
varying the length and spacing of the conductive 
parts comprising the helical elements and the print- 
ed circuit board conductors. Indeed, fine adjust- 
ments can be made during assembly by rotating 
the lower printed circuit board 17 by a few degrees 
one way or the other on the feeder prior to solder- 
ing it to the conductors 24 and 26. Rotating the 
board one way causes the diameter of the helical 
elements to be reduced and the spacing between 
the boards to be increased, while rotating it the 
other way increases the diameter and reduces the 
spacing. In this way. the matching of the antenna 
and the adjustment of its centre frequency can be 
optimised. 

As mentioned hereinbefore, forming the ele- 
ments 10A to 10D as simple helices considerably 
aids the ease with which the antenna can be manu- 
factured. In practice, each helical element is 
formed with a small end part (not shown) which 
deviates from the helical path and is parallel to the 
central axis. This allows each helical element to be 
fitted easily and accurately in the predrilled and 
equally circumferentially spaced holes in the 
boards 16 and 17. In the preferred antenna, no 
other deviations from the helical path are required. 
The helical elements can. as a result, be con- 
structed to relatively close tolerances. It is well 
known that conductors formed on printed circuit 
boards by photographic techniques can be pro- 
duced to extremely close tolerances. Consequent- 
ly, all parts of the two loops making up the antenna 
can be produced accurately to yield assemblies 
. which show a high degree of repeatability in pro- 
duction, to the extent that the only adjustment 
required to meet a specification similar to that 
achieved by prior art antennas is a small rotation of 
one board with respect to the other as mentioned 
above while monitoring the variation of the standing 
wave ratio of a signal applied to the lower end of 
the feeder at the centre frequency. 

The method of manufacturing the antenna will 
now be described with reference to Figures 4 to 8. 

The helical elements are formed by winding 
copper wire around a cylindrical former (not shown) 
having helical groves. The former is of a size such 


that, initially, the wire is wound to a slightly smaller 
diameter than the required diameter so that it 
springs back to the required diameter when re- 
moved from the former. 
5 Having produced in this way four helical ele- 

ments of the required length and with end parts 
bent to lie parallel to the central axis, these tour 
elements are placed in a first jig illustrated in 
Rgures 4 and 5. This jig comprises a central 
10 mandrel 30 and a vertically slidable collar 32 hav- 
ing a grub screw 34 for engaging a flat 36 cut m 
the side of the cylindrical mandrel 30. By forming 
four equally spaced grooves 38 parallel to the axis 
in the interior surface of the collar 32. as shown in 
75 Figure 5. the helical elements may be located 
around the mandrel 30 with, in each case, one end 
located in a respective groove 38 so that the ele- 
ments are equally spaced around the mandrel and 
are coextensive lengthwise. The height of the collar 
20 32 is set such that the other end parts of the helical 
elements, and only those parts, project above the 
top face 30A of the mandrel 30. Next, a tube (not , 
shown) is placed over the helical elements around 
the mandrel 30. This tube is a tight fit so that the 
25 helical elements are held tightly in place. With the 
elements so held, one of the printed circuit boards 
is placed over the projecting end parts with the 
printed conductors uppermost, and the required 
soldered connections are formed. 
30 The assembly of this first printed circuit board 
and the helical elements is removed from the first 
jig and placed in a second jig shown in Figures 6 
to 8. 

Referring to Figures 6 to 8. the second jig 

35 comprises a base member 40 having at one end 
an upright U-shaped yoke 42 with an inner groove 
44. A second upright yoke 46 joined to a horizontal 
base plate 48 is mounted on the base member 40 
so that the two yokes are parallel and spaced 

40 apart, the spacing being adjustable by virtue of the 
fact that the base plate 48 is slidable on the base 
member 40, its position being lockable by means 
of a screw 50. The second yoke 48 has an out- 
wardly facing rebate 52. 

45 The next stage in the assembly of the antenna 
consists of mounting the first printed circuit board 
in the groove 44 of yoke 42 so that the helical 
elements extend towards the yoke 48. It will be 
noted that the yoke 42 forms three sides of a 

50 square so that the first printed circuit board Is fixed 
both in its axial position and its rotational position. 
The rebate 52 of the second yoke 46 Is similarly 
formed so that when the other printer circuit board 
is placed in the rebate, its axial and rotational 
55 position with respect to the first board Is fixed. With 
the relative position of the two yokes set to the 
required spacing of the t>oards, the second board 
can be offered up to the ends of the helical ele* 
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ments and located on those ends which engage m 
the holes in the board. With the board held against 
the shoulders of the rebate, soldered connections 
are made between the ends of the helical elements 
and the conductors on the board. 

With the printed circuit boards still held in 
position in the second jig. the feeder cable can be 
threaded through central holes in both boards and 
soldered connections made at the end of the feed- 
er. 

Next, the assembly is removed from the sec- 
ond jig and the testing and adjustment procedure 
mentioned above is performed prior to soldering 
the lower board 17 to the feeder screen. 

Final stages of manufacture include the spray- 
ing of the antenna with a protective plastics coat- 
ing, and mounting it in a plastics tubular radome 53 
together with a preamplifier and mixer, if required, 
as shown in Figure 9. It will be noticed from Fig- 
ures 2 and 3 that the printed circuit boards, 16. 17 
have notches 54 cut in their peripheries. These 
notches receive small rubber grommets 56 which 
bear against the inner surface of the tubular 
radome 53. This allows the use of a radome having 
a poor tolerance on its internal diameter, since the 
variation in diameter is allowed for by the flexibility 
of the grommets 56. yet. due to the equal spacing 
of the grommets around the axis of the antenna, 
the antenna remains centrally located within the 
radome 53, thereby substantially avoiding the in- 
troduction of unsymmetrical variations in the spatial 
response characteristic of the antenna. In effect 
then, the printed circuit boards form spaced planar 
mounting members transversely located for mount- 
ing a plurality of antenna elements extending in a 
longitudinal direction in a tubular casing. The grom- 
mets form resilient spacing elements for engaging 
the inner surface of the casing. 

The antenna structure described above has 
coupling elements at both the distal end and the 
proximal end of the antenna, each element forming 
part of one of a pair of bifilar helices arranged 
around a central axial feeder. The feeder is a 50 
ohm coaxial cable terminating at the distal end. 
Other arrangements are possible within the scope 
of the invention. For instance, coupling elements 
may be provided only at one end of the antenna, 
these elements being of different lengths to obtain 
the required phasing of the antenna parts, thus, the 
proximal ends of the helical elements may be 
secured to a conductive plate perpendicular to the 
feeder with the coupling elements being located all 
at the disul ends. 

It is not essential for the feeder structure to 
have a single characteristic impedance of, say, 50 
ohms. The feeder structure may, then, include a 
portion of a difference characteristic impedance to 
present a different (real or reactive) impedance to, 


25 


for example, the distal end of the antenna, while 
matching to a 50 ohm feeder at the proximal end. 

Claims 

^ 1. A radio frequency antenna comprising a plural- 
ity of helical elements arranged around a com- 
mon axis, a substantially axiaily located feeder 
structure, and a plurality of separately formed 

TO coupling elements forming conducting paths 

between the helical elements and the axis. 

2. An antenna according to claim 1. wherein the 
coupling elements are located at ends of the 

75 helical elements. 

3. An antenna according to claim 2, wherein the 
coupling elements include radially extending 
conductors connecting the said ends of the 

20 helical elements to the feeder structure. 

4. An antenna according to claim 3. wherein the 
radially extending conductors have different 
electrical lengths. 

5. An antenna according to any preceding claim, 
wherein the coupling elements include ele- 
ments of different electrical impedances. 

30 6. An antenna according to claim 5 having at 
least two pairs of helical elements, wherein the 
coupling elements associated with a first of the 
pairs include elements of a different electrical 
impedance from corresponding coupling ele- 

35 ments of a second of the pairs. 

7. An antenna according to any preceding claim, 
further comprising at least one electrically in- 
sulative mounting member extending perpen- 
40 dicularly to the axis, the helical elements being 

supported by the said member. 

a An antenna according to claim 7. wherein the 
insulative member comprises a printed circuit 
45 board, and wherein the coupling elements are 

conductive tracks formed on the board. 

9. An antenna according to claim 8, wherein the 
printed circuit board is mounted on the feeder 

50 structure, which extends along the common 

axis. 

10. An antenna according to any preceding claim, 
wherein each helical element executes sub- 

55 stantiaily a half tum around a notional cylin- 

drical envelope. 

11. An antenna according to any preceding claim. 
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having four of the said helical elements all 
substantially identical to each other and cen- 
tred on the common axis, the elements being 
co-extensive in the axial direction. 

12. An antenna according to claim 8 or claim 9, 
having four of the said helical elements all 
substantially identical to each other and cen- 
tred on the common axis, each element having 
one end secured to one printed circuit board 
and its other end secured to another printed 
circuit board. 

13. An antenna according to claim 12, wherein the 
printed circuit boards include a board having 
four conductor tracks extending radially with 
respect to the common axis, each track being 
electrically connected to a respective one of 
the elements, the four tracks comprising two 
track pairs with the tracks of each pair extend- 
ing in opposite directions with respect to each 
other, and wherein the tracks of one pair have 
different electrical lengths from those of the 
other pair. 

14. An antenna according to claim 13, wherein the 
feeder structure comprises a coaxial feeder 
line having an inner conductor and an outer 
conductor, and wherein, for each of the said 
track pairs, one of the associated helical ele- 
ments is coupled to the inner conductor and 
the other is coupled to the outer conductor. 

15. An antenna according to claim 9, wherein the 
feeder structure is a semi-rigid or rigid coaxial 
feeder line. 

16. A method of making a radio frequency antertna 
which has a plurality of helical elements ar- 
ranged around a common axis, a substantially 
axially located feeder structure, and at least 
two mour^ting members, at least one of which 
is insulative and bears coupling elements for- 
ming radio frequency conductive paths be- 
tween the helical elements and the axis, 
wherein the method comprises: locating the 
helical elements with their axes coincident and 
with their respective ends lying in two spaced 
apart planes perpendicular to the common 
axis; securing a first of the mounting members 
to the helical element ends in one of the 
planes; bringing together the second of the 
mounting members and the assembly of the 
first mounting member and the helical ele- 
ments so that the second mounting member is 
in a predetermined position parallel to and 
axially spaced from the first mounting member 
in which it is located on the other ends of the 
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helical elements: securing the said other 
mounting member to the said other ends: anc 
attaching the feeder structure to one or both 
mounting members. 

17. A method according to claim 16. including the 
step of locating the helical elements around a 
cylindrical mandrel with one end of each ele- 
ment projecting beyond an end of the mandrel, 
and holding the elements on the mandrel while 
the first mounting member is secured to the 
projecting ends. 

18. A method according to claim 17, in which the 
assembly of the helical elements and the first 
mounting member is held in a jig having two 
parts slidable relative to each other, the first 
mounting member being fitted in one of the jig 
parts and the second mounting member being 
fitted in the other of the jig parts. 
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